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. Thorax, 29, [505] [506] [507] [508] [509] [510] . Fractional carbon monoxide uptake in an employed population. The fractional carbon monoxide uptake in 913 New York City transit workers was studied. A prediction equation for white males, based on nonsmokers, was obtained: fractional CO uptake = 0 58032 -0000204 x age + 0 0004 x weight (kilograms). Weight was the index of body size most strongly correlated with the fractional CO uptake. Decline in function with age by amount of tobacco smoked is described. A correction factor for respiration, based on results from 581 workers with two or more tests, was calculated: -0-123654 x (standard tidal volume -observed tidal volume). Tidal volume was the most important contributor to individual variability of the fractional CO uptake, and minute volume or respiration rate do not add significantly to it. For epidemiological or screening uses, prediction equations are given for the fractional CO uptake corrected to 0-5 1. tidal volume. Respiration variables explain only 1 5 % of individual variability, and individual variability over a mean period of 16-6 months was much larger (an individual standard error of 0 07) than the unexplained population variability (a population standard error of 0 01-0 02); thus the usefulness of the fractional CO uptake as a test of respiratory function is in doubt.
The fractional carbon monoxide uptake has been suggested as a useful index of pulmonary diffusing capacity in clinical evaluations, in respiratory screening programmes, and in epidemiological studies (Bates, Macklem, and Christie, 1971; Lacoste, 1971 Lacoste, , 1972 . The study reported on here was designed to evaluate this, to establish normal values, and to determine the effects of cigarette smoking.
SUBJECTS
A survey of the prevalence of chronic respiratory disease was carried out in New York City Transit Authority workers between November 1961 and August 1963. A total of 7,974 workers with job titles of motorman, surface line operator, and surface line dispatcher were studied. Details of the survey and results are given by Densen, Jones, Bass, and Breuer (1967) , Densen et al. (1969), and Stebbings (1972; .
From the workers surveyed approximately 2,000 were selected for a five-year follow-up study which was carried out between June 1964 and June 1969. Criteria for selection for the follow-up study were complex and depended upon the smoking histories, ages, one-second forced expiratory volumes, and symptoms of the indivi- duals (Densen, Jones, and Bass, 1965) . The majority of individuals in the follow-up study may be considered as a random sample of the surveyed transit workers; among the remainder there was an excess of both nonsmokers and heavy smokers, and among smokers there was an excess of individuals with either high or low one-second forced expiratory volumes or severe or absent respiratory symptoms. An analysis of the effect of lack of random selection of the follow-up population upon the results of this paper will be presented below. The fractional carbon monoxide uptake was measured at only one of the three clinic sites in Brooklyn and Manhattan utilized in the follow-up study. A total of 913 individuals had at least one fractional CO uptake test, but it is not known what fraction of the respondents attending the one clinic this represents. For all three clinics combined, 89-8 % of the defined follow-up population received at least one examination. The analyses presented in this paper are based on these 913 individuals, or upon a subset of 581 of the 913 who had two or more tests of their fractional CO uptake during the five-year study period. A test of the normality of the distribution of the residuals about the regression was carried out. A x2 value of 43-62 (15 df, P<0 001) indicated that the residuals are not normally distributed. A somewhat collapsed distribution is shown in Table III ; a large excess of small negative deviates is seen. In view of the small population standard error this distribution is primarily determined by the shape of the distribution of values about the individual means.
METHODS
The deviation from normality in the distribution is statistically significant, but not extreme, and should not affect the estimates here of means and regression coefficients; significance levels and variance estimates might be slightly affected.
EFFECTS OF POPULATION SAMPLING SCHEME ON RESULTS As described above, this sample had been stratified in a very complex manner (Densen et al., 1965) .
Numerous multiple regression equations, including as independent variables all factors and all the interactions of those factors utilized in the sampling procedure, were carried out. The predicted values for nonsmokers in Table II were found to be changed by less than +0 002, and no significant changes in the estimated smoking effects were found. What might be somewhat inflated, are the proportions of the variance accounted for by the age and smoking history variables in the regression analysis.
DISCUSSION
Bates (1952) reported measurements of the fractional CO uptake in normal subjects and in patients with emphysema. Since that time a number of authors have reported on the use of the FUco in the evaluation of respiratory patients (Marks, Cugell, Cadigan, and Gaensler, 1957; MacNamara, Prime, and Sinclair, 1959; Bates, Woolf, and Paul, 1962; Kreukniet and Visser, 1962; Woolf, 1964; Woolf, 1965; Bates et al., 1966; James and Rumble, 1967; Rasmussen and Nelson, 1971; Bates, 1973) .
Mean values of the FUco for small numbers of normal subjects have been published by several authors (Bates, 1952; Marks et al., 1957; Shephard, Carey, and Phair, 1958; MacNamara et al., 1959; Woolf, 1964; Woolf, 1965) . Mean values of the FUco during exercise for 298 normal women have been published by Woolf and Suero (1971) . Aguzzi, Woolf, and Paterson (1966) have reported on the FUco in very old people.
Predicted normal values for the FUco as a function of age and height have been published by Bates et al. (1971) . A prediction equation for white males has been published by Bates et al. (1962) : it is FUco = 0 82085 -0-00341 x age-000322 x height (inches). The prediction equation for white males, based on nonsmokers, from this study is FUco=0 58032-0 00204 x age+ 0 0004 x weight (kilograms) without correction for tidal volume.
In this study weight correlated much more strongly with the FUco than did height, and the effect of standing height was not significant after correction for weight. The effects of weight and height in this study were positive, rather than negative, as in the equation above of Bates et al. (1962) . Anderson and Shephard (1969) found weight to be the most useful anthropometric predictor of single-breath diffusing capacity, and theirs appears to be the only study of diffusing capacity in which the optimum index of body size has been arrived at statistically rather than chosen arbitrarily. The effect of weight on the FUco, although statistically significant, is certainly not strong ( Table I ).
The effect of race, although again statistically significant, is both minor (Table I) (Stebbings, 1973) was seen, but the analysis of the FUco data may have been too unsophisticated to detect such an effect.
That the FUco should decline with age is not surprising; nor is it surprising that the rate of decline with age increases with increasing tobacco consumption. The effect of these variables on the decline of the pulmonary diffusing capacity in population studies has been thoroughly reviewed by Van Ganse, Ferris, and Cotes (1972) . Reduction of the FUco during exercise among smokers has been reported for both men (Rasmussen and Nelson, 1971 ) and women (Woolf and Suero, 1971) . Bates et al. (1971) emphasize the sensitivity of the FUco to differences in minute volume; Lacoste and Rouch (1965) emphasize the effect of respiratory frequency. In this study of normal subjects at rest minute volume, tidal volume, and respiratory frequency explained only 1-5% of the individual variability in the FUco, and this contribution may in practice be ascribed to the tidal volume alone.
(Obviously, if individual variability over much shorter time periods is studied, the percentage contribution of these variables would be higher.) Correction of the FUco to any constant tidal volume within the normal testing range is simple; the correction is small but should be used in epidemiological studies or when observed values are on the borderline of abnormality.
One of the most interesting findings of this study was that the individual variability of a subject's FUco (over a period of one to two years) was much greater than the unexplained variability in the population. This is the opposite of the situation with lung volumes and flow rates (Stebbings, 1971 
